Abstract-For the problem of large dimensionless index fluctuations in rotating machinery complex fault and that the corresponding scope is difficult to determine. In this paper proposes a rotating machinery complex fault method that combined dimensionless and the least squares method filtering. This method implementation filtering and determine the scope of the dimensionless index. By doing experiments with 8 kinds of bearing failure data of petrochemical rotary sets, comparing four filtering methods, the scope of the dimensionless index was established, and the text combined dimensionless index respectively with Kalman (EKF), the weighted average, moving average, the least squares method filtering.
INTRODUCTION
That large engineering system complexity continues to increase requires higher safety and reliability of the system. Through the analyzing system health status, fault diagnosis technology determine the type of failure, for the timely and effective maintenance and health systems management provides a scientific basis, so that in the field of aviation, aerospace and other need higher security requirement, has a good application prospect [1, 2] . Particularly, rotating machinery and equipment (such as rotation bearings, turbines, compressors, fans, etc.) is the key equipment in petroleum, chemical, metallurgy, machinery manufacturing, aerospace, and other important engineering filed. Therefore, the study of such equipment fault diagnosis method has been a hot topic in this field.
In rotating machinery fault diagnosis usually use the time domain or frequency domain analysis of vibration monitoring data for fault diagnosis [2] [3] [4] [5] . Rotating machinery in the event of a failure, however, vibration monitoring signals tend to have a large number of non-linear, random, non-ergodic information, and bring great difficulty in fault signal analysis [6] . Considering the time-domain signal of vibration is the most basic and original signal, if failure characteristics can be extracted directly from the time-domain signal, and analyze fault diagnosis, so that maintain the basic characteristics of the signal will be very beneficial [1] [2] . In the time domain analysis, the probability density function of vibration signals can better reflect the fault information. Through the probability density function of the vibration signal, it has been derived dimensional index (such as the mean and RMS values, etc.) and dimensionless index (such as waveform, margin index, pulse, etc.) in the amplitude domain [1] [2] [6] [7] . In practice, although a dimensional index is sensitive to the fault characteristics, its value will increase with the development of the fault, but also because working conditions (such as load, speed, etc.) changes, it is easily affected by interference, performance is not stable enough [1] . By contrast, the dimensionless index is not sensitive to the disturbance of vibration monitoring signal, performance is stable. In particular, these dimensionless index are not sensitive to the change of amplitude and frequency of the signal, namely, it has little relationship with working conditions of the machine [1] [2] [3] [5] [6] [7] . Therefore, the dimensionless index has been widely used in fault diagnosis of rotating machinery. In dimensionless index, pulse index and kurtosis index is more sensitive to impact type fault, especially in the early failure, the large amplitude of the pulse is less, other parameter values increase is not much, but kurtosis index and pulse index rise faster, so that failure of the range is larger. It is difficult to determine the scope of the composite fault interval [1] [2] [3] [5] [6] [7] .
In order to reduce the error, determine the scope of the dimensionless index, and narrow the scope of the machinery recombination fault interval, first excluding outliers of the dimensionless index, and then filtering. There are many ways to achieve signal filtering, Kalman filtering is usually used in aviation and aerospace aspects, for example, against the data collected by marine dynamic positioning multiple sensors in real-time fluctuation, causing controller move frequently, resulting in boat actuators adjust frequently, and increasing its mechanical wear, Jianbin Xiong proposes a method to collect data online by DPS multi-sensor and filtering based on OPC technology, achieving ship signal filtering indoor, but the method is easy to diverge [9] . In order to solve the problem of Kalman filtering divergence, Wang Qinruo proposed a blend adaptive Kalman filter algorithm [10] , the calculating of the method is complex and it is difficult to effectively exclude outliers. Ref. [11] proposes a method to resist outliers based on adaptive moving average fitting. This method achieves outlier removal effectively, and filtering, but this method is only suitable for signal fluctuates up and down in the vicinity of a certain scale. At present, the dimensionless index combined with filtering method to achieve narrow the scope of the rotating machinery fault interval, has not yet been reported. In this paper, adopting dimensionless index combined with the method of least squares filtering respectively, achieve the signal filtering processing, and narrow the scope of the rotating machinery fault interval.
II. DESCRIBES THE PROBLEM
Definitions 2.1 [1] [2] 5] Dimensionless index is made up of the ratio of two amount with the same dimension. When describing a particular system, it has certain physical meaning, fault diagnosis for dimensionless parameter index:
x is vibration amplitude, () x  is probability density function of vibration amplitude. Multiple historical monitoring data of single fault can be calculated.
Considering rotating machinery in the event of a failure, vibration monitoring signals tend to have a large number of non-linear, random, non-ergodic information, lead to great difficulty in fault signal analysis. Although a dimensional index is sensitive to the fault characteristics, its value will increase with the development of the fault, but also because working conditions (such as load, speed, etc.) changes, it is easily affected by interference, performance is not stable enough. The dimensionless index is not sensitive to the disturbance of vibration monitoring signal, performance is stable. In dimensionless index, pulse index and kurtosis index is more sensitive to impact type fault, especially in the early failure, the large amplitude of the pulse is less, other parameter values increase is not much, but kurtosis index and pulse index rise faster and fluctuate larger, therefore, these two indexes are more sensitive to early failure of rotating machinery, resulting in fault interval range increases, and it is difficult to distinguish. Using four kinds of filters are filtering to narrow the scope of the fault interval.
Question: For rotating machinery fault signal of dimensionless index, how to narrow the scope of the fault and determine the scope of the dimensionless indexes corresponding fault interval.
III. DIMENSIONLESS INDEX CALCULATION AND FAULT INTERVAL DETERMINATION A. Dimensionless Index Calculation
In engineering applications, dimensional index is sensitive to the fault characteristics, its value will increase with the development of the fault, because working conditions (such as load, speed, etc.) changes at the same time, it is easily affected by interference, performance is not stable enough [2] . By contrast, the dimensionless index is not sensitive to the disturbance of vibration monitoring signal, performance is stable. In particular, when the change of machine working conditions is large these dimensionless indexes are not sensitive to the change of amplitude and frequency of the signal.
Hypothesis 3.1 [1] [2] 5] Under the Definition 2.1 and 2, 1 Tm  , then the waveform index:
where ,2 Tm    , margin index f C is available :
Dimensionless index is made up of the ratio of two amounts with the same dimension. In this paper, monitor signal based on the probability density function of the monitoring signal, namely dimensionless index is a ratio, which don't affected by signal absolute level, and the relationship between the sensitivity of vibration detector, amplifier and the magnification is not large, so the monitoring system without calibration bring convenience in the actual equipment fault diagnosis [5] .
Lemma 3.1 [1, [5] [6] Dimensionless index between the mathematical operations such as addition, subtraction, multiplication, and division, the index is still dimensionless.
B. Fault Interval Determination
The dimensionless index in the study of fault diagnosis: First test by petrochemical core units, collect data online real-time, calculate normal state of the rotation unit and all kinds of dimensionless index parameter when occur each failure. Then, calculate maximum value and minimum value of each dimensionless index as the scope of core units in normal state or all kinds of fault states. 
where T , 
then the dimensionless index fault interval is:
IV. COMBINATIONS OF FILTER AND DIMENSIONLESS INDEX
For calculating real-time data dimensionless index of rotating machinery, data fluctuation is larger, this paper filtering by the dimensionless index combined with least square filter respectively.
When using the method of least squares filter (Least Square Method filter, LSM), how to obtain the nonlinear parameter estimates, Ref. [14] proposed a Least square method filter based on random function, the formula is:
where [] xn represent observation data, n represent the number of filtering data, [] sn represent filtering value. The method using a computer is easy to implement, but to calculate the inverse of matrix, it is difficult to determine the solution of the irrational root, and it can't join in constraints of time domain and frequency domain.
V. EXAMPLES OF COMPLEX ROTATING MACHINERY FAULT
Currently fault simulation platform in petrochemical rotating units laboratory have multiple equipment parts, mainly are the fault shaft (eccentric shaft, split shaft, curved shaft, no-symmetry shaft, bearing crack outsider, bearing crack insider, etc.) as well as normal shaft. In this paper we collect the data with the method of Ref. [1] [2] 5] , namely collect vibration acceleration signal of measurement unit online by EMT490. In order to produce a composite failure, when obtain the data, it need to take into account the different loads, different speeds, different frequencies [15] , etc., we obtain five kinds of speed, light load and the lack of bearing, bearing wear, eccentric shaft, split shaft, curved shaft, no-symmetry shaft and normal shaft under overloaded three kinds of radial load, nine state in total. In the experiment, a group according to the 1024 sampling points, each of the indexes 20 from each group, of which the first set of each type of data used to train the state 10, the 10 sets of data for verification [1] , according to the indicators 10 maximum and minimum range of the group as the indexes. Calculate index range in each state of different shaft fault state, it is shown in Table 1 . As can be seen from Table 1 after obtaining the real-time monitoring signals, using the Eq. (2) - (5), to calculate the scope of waveform index, peak index, pulse index, margin index and kurtosis index are duplicate (namely, called composite fault), and the scope of the interval is large, it is difficult to distinguish dimensionless index interval between normal equipment and faulted equipment strictly [16, 17] . In order to solve the above problem, this paper uses the four kinds of filter method of the part four, filter dimensionless index have been calculated, filter out some interference signals, to reduce the fault interval. The concrete implementation process is shown in Figure 1 .
Data Collection

Dimensionless
Index Calculation
Filtering
Fault Zone Calculaation Figure 1 . Determining the fault zone of flow Dimensionless indexes combined with four kinds of filter, can filter out interference information effectively, to reduce the fault interval, and provide the effective basis for future fault diagnosis. In this paper, waveform index, peak index, pulse index, margin index and kurtosis index in the state of eccentric shaft, split shaft, curved shaft, no-symmetry shaft [16] [17] , crack shaft and normal shaft, eight state, totally use four kinds of filter of the paper, the result is shown in Figure 2 ~ 9, fault scope is shown in Table 2 As shown in Table 2 ~ 9 and Figure 2 ~ 9, the four filtering method can narrow down the interval effectively, and we can select different methods according to the different environment and different need. Where estimating stochastic dynamic system state, Kalman filtering may be used, this method is based on state space model of the system, using a moment before the state estimated value and current observed value to get the state estimated value for the next moment, achieving recursive, this method is suitable for computer implementation. The method of dimensionless index combine with moving average filter is suitable for a certain value scope of fluctuating up and down, and is not suitable for the online data filter which occur outliers frequently. Dimensionless index and the weighted average filter are suitable for online data which have able to join in the constraints of time domain and frequency domain.
VI. CONCLUSIONS
For petrochemical rotating machinery fault exists the following problems: (1) the scope of dimensionless indicators is difficult to determine. (2) Process of transferring data collected from the scene to a remote server, disturbed by various factors, causing transmission errors, large fluctuations in the calculation of rotating machinery fault dimensionless index , resulting in a wide range of fault zone; In order to reduce error and narrow the scope of the rotating machinery fault interval. In this paper, dimensionless index combine with four kinds of filtering method to realize signal filter, excluding outliers and narrow the scope of the fault interval, but still there is the scope of normal equipment dimensionless index and fault equipment dimensionless index and the scope of the rotating machinery fault interval is difficult to distinguish, require further study.
